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ABSTRACT: To better understand the climatic characteristics in a subtropical mountainous cloud 
forest at the Yuanyang Lake long-term ecological research site, weather data collected from January 
1994 to December 2004 were analyzed in the present study. The obvious seasonal changes in climatic 
factors were observed at this site. The annual mean air temperature was 12.7°C. The lowest 
temperature was recorded in February (monthly mean 5.9°C), and the highest one was taken in July 
(monthly mean 18.1°C). Winter featured light rain with a prolonged occurrence of fog, resulting in a 
large reduction of radiation. In summer, fog occurred once in the early morning and the other time 
from afternoon to evening. The latter one was associated with the wind direction changes and usually 
accompanied with short moderate to heavy convective rain. Consequently the photosynthetic photon 
flux density (PPFD) was high in the morning but reduced drastically in the afternoon. Typhoons 
occurred in the summer had contributed to 37% of the annual rainfall, usually resulting in torrential 
rain events and sharp increases in the water level of this lake. As a matter of fact, perhumid 
environment of this site was attributed to abundant rainfall (mean annual precipitation 3396 mm) and 
high frequency (up to 40%) of foggy time. Such conditions would reduce the intensity of solar 
radiation and PPFD. The average annual solar radiation at the site was 2475 MJ nr 2 , and annual PPFD 
was 5713 mol m' 2 . The average degree of reduction of PPFD under foggy condition was up to 88%. 
Such climatic characteristics are suggested to constrain the growth of plants and play an important role 
in competition among plant species in this cloud forest. It is considered that the distinct seasonal 
fluctuation in environmental factors, perhumid and dim light conditions are the most distinguished 
characteristics of this subtropical mountainous cloud forest ecosystem. 

KEY WORDS: Forest climate, Fog, Solar radiation, Precipitation, Photosynthetic photon flux 
density (PPFD). 


INTRODUCTION 

Mountainous cloud forests (MCFs) occur in 
mountainous altitudinal band frequently enveloped 
by wind-derived orographic clouds (Bruijnzeel and 
Proctor, 1995; Still et al., 1999). They obtain more 
moisture from deposited fog water in addition to 
bulk precipitation (Weathers, 1999; Foster, 2001; 
Chang et al., 2002). Though the regular fog or cloud 
immersion of the MCFs is important to water 
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conservation, the large reduction in solar radiation 
also reduces bioproductivity (Bruijnzeel and 
Veneklaas, 1998). Because of the unique climate, 
the MCFs in tropics were characterized by reduced 
tree stature and woody timbers, increased stem 
density of trees and a high proportion of epiphytes 
(Flamilton et al., 1995). Since the altitudinal band of 
cloud formation on mountains is limited, MCFs 
occur in fragmented strips and might be likened to 
island archipelagoes. This isolation and uniqueness 
of climatic characteristics promote speciation, high 
endemism, and a great sensitivity of MCFs to 
climatic change (Stadtmiiller, 1987; Pounds et al., 
1999; Still, 1999; Foster, 2001). 

MCFs in subtropical regions have been less 
studied than those in other climate zones. Flowever, 
the climatic factors in subtropical regions are known 
to display greater variation among seasons than 
those observed in tropic regions. Mesoscale climatic 
research in subtropical Taiwan has revealed that 
climate characteristics are shaped by the East Asian 
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monsoons, namely the southwest summer monsoon 
and the northeast winter monsoon, and by the 
alternation of land and sea breezes (Chi, 1969; Lau 
and Li, 1984; Chen et ah, 1999; Pu, 2005). This 
causes the uneven distribution of precipitation and 
wind speed, and consequently the forests located 
leeward and windward differ significantly in their 
vegetation composition (Sun et ah, 1998), 
physiology (Kuo and Lee, 2003), and soil nutrient 
conditions (Chen et ah, 1997). Typhoons are another 
climatic factor characterizing the subtropics. They 
produce heavy episodic rainfall and strong winds 
and cause severe damage to agriculture and industry 
(Wu and Kuo, 1999). Typhoons have been observed 
to cause uprooting, defoliation, and nutrient losses 
by increasing the amounts of litter in the lowland 
subtropical rain forests (Mabry et ah, 1998; Lin et 
ah, 2003). In the past, only few studies have focused 
on climatic factors and their effects on the 
subtropical MCFs in Taiwan. Rees et ah (2006) 
reported the potential nutrient loss by 
typhoon-induced defoliation. Klemm et ah (2006) 
performed a micro- meteorological experiment to 
estimate the energy fluxes in an MCF stand and 
found the diurnal flux of air mass affected the 
energy balance significantly. Fog deposition rates to 
MCFs were reported to be significant, especially in 
the context of nutrient inputs (Chang et ah, 2002, 
2006). However, a long-term monitoring of climatic 
characters is still lacking in the MCFs in Taiwan. 

Yuanyang Lake (YYL) established in 1992 is 
one of the long-term ecological research (LTER) 
sites in Taiwan. The site is located at a mid-altitude 
in northeastern Taiwan and is a typical subtropical 
mountainous cloud forest. Weather data at the YYL 
site has been recorded since 1994, and the recording 
of fog began in 2000. These data are valuable, for 
YYL is the one of the few weather stations located 
at a mountainous cloud forest site in Taiwan and the 
only one recording fog occurrences. In this paper, 
eleven years of climate data from the YYL site are 
analyzed and the seasonal and diurnal patterns of 
important climatic factors are presented. 

MATERIALS AND METHODS 
Site description 

The YYL-LTER site (121°24’E, 24°35’N) has an 
area of 374 ha situated in Chi-lan Mountain, at an 
elevation of 1650 to 2420 m above sea level (a.s.l.) in 
northeastern Taiwan. It is located at a middle altitude 
on the east slope of the Hsueh-shan Mountain Range. 
The vegetation contains forest, swamp, and aquatic 


communities in the surrounding watershed and 
lakeshore. The forest canopy is dominated by the 
relic Taiwan yellow false cypress ( Chamaecyparis 
obtusa var. formosana) with some Tsuga chinesis at 
the mountain ridge, and the understory by 
Rhododendron formosanum and Illicium 
phillippinense. The swamp community is dominated 
by Miscanthus transmorrisonensis and some 
hydrophytes such as Sparganium fallux, 
Schoenoplectus mucronatus, and Potamogeton 
octandrus (Chou et al., 2000). Yuanyang Lake, at 
the central part of the LTER site, is east-west 
oriented and spoon-shaped, having an area of 3.7 ha 
with maximum length of 650 m, maximum width of 
150 m, and maximum depth of ca. 4.5 m near the 
western part (Hwang et al., 1996). The forest is 
characterized by large amounts of epiphytic 
bryophytes, representing a unique physiognomy of 
the ecosystem. The bryophytes play an important 
role in fog water deposition (Chang et al., 2002). 
The site has been little disturbed by human activities 
for a long time. It was declared a nature reserve in 
1986 to preserve the integrity of the mountain lake, 
the Chamaecyparis forests, and the rare aquatic 
species. 

Data collection 

Three weather stations were built to monitor the 
climatic parameters (Fig. 1). The first one (SI) was 
located at the eastern pass of the watershed. It was 
built in an open field on the side of the forest logging 
road near the entrance to YYL in 1993 and had 
successfully collected the weather data since January 
1994. The second one (S2) was built near the 
lakeshore for monitoring the change of water level 
after typhoon “Herb” caused high water level of the 
Yuanyang Lake in October of 1996. The third one 
(S3) was built at the swamp area inside the YYL site 
in July 2000 to record instantaneous change of light 
intensity and as the cross reference to the data from 
SI station. Parameters including air temperature, 
relative humidity, solar radiation (wavelength: 
0.28-2.80 pm, unit in W m" 2 ), photosynthetic photon 
flux density (PPFD, wavelength: 0.40-0.70 pm, unit 
in pmol m" 2 s" 1 ), precipitation, wind direction, wind 
speed, and water level were recorded automatically. 
The sensors of the stations are listed in Table 1. The 
measured data were computed and saved in the 
datalogger (Model CR-10, with SM 192 module, 
Campbell Sci. Inc., USA) of each weather station. 

During typhoon periods, about 17% of the data 
got lost due to destruction of the monitoring system. 
In this case, the missing precipitation data were 
substituted by adopting those from the nearest 
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Fig. 1. Map of Yuanyang Lake (YYL) long-term 
ecological research site in Taiwan, showing the 
localities of the three weather stations (SI-S3) 
installed. 


Table 1. The monitoring parameters and sensors used at the three weather stations of this study. 


Monitoring parameters 

Sensor 

Station 

Sensor model 

Producer 

Solar radiation 

Precision spectral pyranometer 

SI 

Model PSP 

Eppley Laboratory, USA 

Photosynthetical photon flux 
density (PPFD) 

Quantum sensor 

SI S3 

LI-190A 

LI-COR Co., USA 

Temperature/relative humidity 

Hygro-thermometer 

SI S3 

HMP 35A 

Vaisala, Finland 

Precipitation 

Rain gauge 

SI S3 


Takeda Co., Japan 

Lake water levels 

Submersible pressure transmitter 

S2 

PS 9800 

Instrumentation Northwest, Inc., USA 

Wind speed/wind direction 

Wind speed and direction meter 

S3 

Young 05103 

Campbell Sci. Inc., USA 

Visibility 

MIRA visibility sensor 

S3 

Model 3544 

Aanderaa instruments, Norway 


weather station of Taiwan Central Weather Bureau 
(CWB) atTaiping Mt. (121°32’E, 24°30’N, altitude: 
1930 m a.s.l.). This weather station located in the 
same climate zone as YYL site (Su, 1984), and its 
recorded daily precipitation was correlated closely 
with the latter (regression slope = 0.98, r 2 = 0.55 
from data of 3021 days). 

Terminology 

For data analysis, clear days were defined as 
those with bell-shaped diurnal light intensity 
pattern, the highest light intensity higher than 1200 
pmol m" 2 s" 1 , and the visibility higher than 2800 m at 
daytime. Rainy days were defined as those with 
daily precipitation higher than 0.5 mm. Rainfall 
intensity was ranked light, moderate, heavy, and 
torrential, when the daily precipitation was less than 
10 mm or hourly precipitation not over 0.5 mm, 
10-50 mm, 50-200 mm, and over 200 mm, 
respectively, followed the classification of Taiwan 
CWB. Although “fog” and “cloud” were usually 
used as synonyms when the large-scale landscape or 
vegetation was described in numerous literatures, in 
this study “foggy” was defined for those with a 
visibility below 1000 m (Chen and Chi, 1988). Fog 
intensities were classified as light, medium, and 
heavy when visibility was less than 100 m, 100-500 
m, and 500-1000 m, respectively. A foggy day was 


defined as the day with fog persisted for at least 15 
min (Gordon et al., 1994). 

Estimation of reduction in potential global solar 
radiation and PPFD 

To evaluate the transmission effect of fog on 
solar radiation and PPFD, the solar radiative transfer 
model (CLIRAD-SW) developed at the NASA 
Goddard Climate and Radiation Branch (Chou and 
Suarez, 1999) was used to compute the surface 
potential solar radiation and potential photo- 
synthetically active radiation (PAR, wavelength: 
0.4-0.7 pm, unit in W m" 2 ) on cloudless days. The 
model takes into account the absorption due to water 
vapor, ozone, CL, CO? and aerosols and has been 
verified to be applicable to the Taiwan area (Lin et 
al., 2002; Lai and Lin, 2005; Lin, 2005). The 
atmosphere status parameters, content of water 
vapor, aerosols, and molecules (Rayleigh scattering) 
needed in the model, was derived from the average 
rawinsonde records from the Banchiao rawinsonde 
station (121°26’06”E, 24°59’ 58”N, 9.7 m a.s.l) 
between 2002 and 2004. Due to the lack of ozone, 
O?, or CO? profiles in Taiwan, the parameters were 
taken from the global estimation (Chou, 1990; Chou 
and Lee, 1996). The altitudinal effects were taken 
into account by eliminating the sounding profile 
lower than 1650 m. The degrees of reduction (in 
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percentage) of solar radiation and PPFD were 
calculated using the reduced measured values of 
either parameter with respect to the potential one. 
The potential PPFD were calculated by multiplying 
the potential PAR with 4.57, the general conversion 
coefficient of PAR to PPFD in sunny daylight 
condition (McCree, 1981; Thimijan and Fleins, 
1983). 

Data management 

Data were downloaded on site once or twice a 
month and were integrated into the database with 
Microsoft Visual Foxpro software (Version 6.0, 
Microsoft Co. Seattle, USA). The available 
replicates of the same parameters in SI and S3, such 
as PPFD, precipitation, temperature and relative 
humidity were compared by each data points. When 
the difference between the replicates was smaller 
than 5%, the data from SI were taken for further 
summary of general climatic condition. Otherwise, 
the average of replicates was taken when the 
difference between replicates was larger than 5% 
and it is impossible to exclude any of them by 
comparing with other parameters. For further 
comparison of the climatic factors along elevation 
gradients in Taiwan, the daily weather data from 
1994 to 2004 were taken from another three weather 
stations, the urban CWB weather station on I-Lan 
Plain (121°44'52"E, 24°45'56"N, 7.4 m a.s.l.), the 
Fushan LTER forest site, (121°35'05"E, 24°45'59"N, 
455 m a.s.l.), and the CWB weather station at 
Yushan (120°57'06"E, 23°29'25"N, 3845 m a.s.l.). 
The data acquired from Fushan climatic data annual 
reports (http://metacat.ndhu.edu.tw/) and the annual 
data reports of the CWB of Taiwan were used for 
this purpose. 

For further statistic analyses, such as analyses 
of variance (ANOVA), linear regression, and 
correlation, software STATISTICA (Version 6.0, 
StatSoft, Inc., Tulsa, OK, USA) was used. 

RESULTS 

Climatic pattern at the YYL site 

The average annual temperature was 12.7°C 
over the period from 1994 to 2004, with the highest 
annual temperature of 13.2°C in both 1998 and 2000 
and the lowest one of 11.9°C in 1997 (Fig. 2A). The 
highest recorded temperature was 29.1°C in July of 
2003 while the lowest one was -5.3°C in December 
of 1999. The relative humidity was usually higher 
than 90%. The annual precipitation varied between 
2109 mm (in 1995) and 4727 mm (in 2001), with an 
average of 3396 mm (Fig. 2B). The variation in 


precipitation was attributed to the occurrence of 
typhoons. On average, there were 239 rainy days per 
year (Fig. 2C). Fleavy and torrential rainy days were 
12±4 days per year. Compared with the rainy day 
records at the weather stations at I-Lan (205 days), 
Fushan (228 days), and Yushan (149 days), the YYL 
site apparently had more rainy days. 

Over the last eleven years, 61 typhoons have 
passed through Taiwan (Shieh et ah, 1998; Hsiao, 
2005). Typhoons contributed up to 40% of yearly 
precipitation at the YYL site, usually occurring 
between July and October (Fig. 3A). The highest 
daily precipitation, 868.5 mm, was recorded in 1996 
when Typhoon “Herb” passed this site. The highest 
total precipitation event (1083 mm) was Typhoon 
“Nari” in 2001. The measured wind speed at the 
YYL site was lower than that at the lowland weather 
stations. For instance, during Typhoon “Billis” in 
August 2000, the maximum wind speed measured at 
the YYL site was 18 m s" 1 , while at low elevation 
I-Lan, it was 30 ms" 1 . 

There was significant seasonality in 
temperature, precipitation, fog duration, and 
amounts of radiation at the YYL site. The warmest 
month was July with a mean temperature of 18.1°C, 
and the coldest was January with a mean of 5.9°C. 
In a year, there had been 8-15 days with air 
temperatures below 0°C, but rarely with snowfall. 
With over 15 rainy days and precipitation over 100 
mm every month, there was practically no dry 
season at the YYL site. However, there was seasonal 
variation in the amount of precipitation, with higher 
values from August to October, and lower ones in 
March and April (Fig. 3A). The amount of 
precipitation was not correlated with the number of 
rainy days. Fig. 3B shows that higher precipitation 
resulted from both the heavy rain and torrential rain 
that occurred during typhoon season, particularly 
from August to October. In fact, 57% of the heavy 
rain events were associated with typhoons or 
typhoon-induced air flows. Torrential rain took place 
in summer, and all of it was associated with typhoon 
events. 

Over half of rainy days were contributed by 
light rain. Fig. 4C shows that both the daily rainy 
hours and the fraction of light rain changed in a 
similar pattern over a year, with lower values in 
summer and higher ones in winter. In summer, the 
rainy time was short with moderate to heavy rain. In 
winter, on the contrary, the light rain prevailed and 
lasted for longer time. 

The amount of precipitation strongly affects the 
water level of YYL. Over the study period, the 
monthly average water level of YYL presented a 
similar fluctuation pattern with that of precipitation. 



—Average air temperature (°C) 

Daily rainy hours Number of rainy days Precipitation (mm) Rainy days Precipitation (mm) Maximum air temperature (°C) 
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Fig. 2. Annual fluctuations in air temperature 
and precipitation from 1994 to 2004 at the YYL 
site. A: average, maximum and minimum 
recorded air temperature. B: precipitation, those 
recorded during typhoon events were showed by 
grey columns. C: the number of rainy days of 
four different ranks of precipitation. 



Fig. 3. Seasonal variations in air temperature 
and precipitation at the YYL site. A: Monthly 
accumulated precipitation and the mean 
temperature. Stripped columns indicates the 
precipitation associated with typhoon. B: The 
numbers of different ranks of rainy days in each 
month. C: Mean daily rainy hours and 
percentage of light rainy time in each month. 
The error bar presented standard error. 
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Date of Sep 2001 


Fig. 4. Dynamic changes in precipitation and water level in 
Yuangyang Lake recorded over the period between 15 th and 21 th 
September of 2001, showing the influence of the invasion of 
Typhoon ‘'Nari” froml5 lh to 19 th September. 

with lower water level in April and higher in 
September. Occasionally, high fluctuation in water 
level had occurred when the heavy or torrential rain 
events took place, especially during typhoon 
periods. Because the outlet of lake water was small, 
the water level could be elevated drastically within 
few hours (Fig. 4). The highest water level, as high 
as 7.00 m, had been recorded in August of 2004 
when Typhoon “Aere” passed this site. The lowest 
water level (i.e. 4.12 m) was recorded in May of 
2002, when a severe drought occurred in Taiwan. 

Fog duration 

The observations from July 2000 to January 
2002 showed that the foggy days have been as many 
as 342 days per year (ca. 94% days per year). From 
the 5-minute-based visibility record, the total 
duration time of fog was ca. 40% time of year (Fig. 
5A). Light fogs occurred evenly in every month, but 
both the medium and heavy fogs tapered off from 
June to September. In summer, fog usually occurred 
twice a day, with the first peak before sunrise and 
the second one from afternoon until evening. In 
other seasons, such diurnal pattern of fog was not 
obvious. In winter, the northeastern monsoon was 
pronounced, and the daily fog was longer-lasting 
and more evenly distributed than in other seasons 
(Fig. 6A). 

The seasonal pattern of fog occurrence was 
found to be related to wind direction. The winds at 
the YYL site were mainly easterly or westerly. In 
summer, eastward winds prevailed during the 
daytime while westward winds prevailed at night. In 
winter, the winds were weaker and the calms period 
became longer. Westward winds became quite less 
at nighttime than it in summer (Fig. 7). 


Reduction in solar radiation and PPFD 

The solar radiation and PPFD at the YYL site 
were reduced by the prevailing occurrence of cloud 
and fog. The average annual solar radiation at the 
YYL site was 2475 MJ m" 2 , and annual PPFD was 
5713 mol m" 2 , equivalent to total degrees of 
reduction of 76.6% and 71.0%, respectively, based 
on the estimations from CLIRAD-SW model. The 
intensity of radiation at the YYL site was lower than 
those recorded at other weather stations throughout 
the year (Fig. 5B), such as I-Lan (3378 MJ m" 2 ), 
Fushan (3728 MJ m' 2 ), and Yushan (4369 MJ nf 2 ). 
Apparently, the YYL site displayed a dimmer 
climate condition than other weather stations. 

Solar radiation and PPFD displayed a seasonal 
rhythm, with lower values in December and higher 
in July (Table 2). From October and December, 
solar radiation and PPFD were more remarkably 
reduced than in other seasons. The diurnal course of 
the degrees of reduction of PPFD was both lowest 
around 8:00 to 9:00 in winter and summer. Although 
in the morning the degree of reduction was ca. 20% 
lower in summer than in winter, it increased to a 
similar value in both seasons after 14:00 when the 
site was immersed in fog (Fig. 6B). 

On cloudless days, the PPFD measured at noon 
ranged between 1200 and 2000 pmol m' 2 s' 1 , 
depending on the seasons (Fig. 8A). The measured 
PPFD values showed a close correlation with the 
theoretical potential PPFD estimated by the 
CLIRAD-SW model (r 2 = 0.94, slop e = 0.794). On 
such cloudless days, the difference of diurnal 
temperature was higher than 10 °C, the relative 
humidity reduced to around 70% and the average 
degree of reduction of PPFD were approximately 
20%, besides slightly higher at the time near dawn 
and dusk (Fig. 9). In fact, the cloudless days were 
rare in summer, because fog associated with the 
convective rain usually occurred in summer 
afternoon. As a result, a remarkable reduction in 
solar radiation and PPFD was observed (Fig. 8C). 
Foggy days characterized with a small difference in 
diurnal temperature, low PPFD, and high relative 
humidity (up to 100%) commonly occurred in 
winter. In such a season, long-lasting light rain was 
also associated with fog occurrence (Fig. 8B). Fog 
occurrence would strongly reduce the PPFD values. 
As a whole, the average degree of reduction of 
PPFD under fogless conditions at the site was 63%, 
and up to 88% when fog was present. However, the 
average reduction of PPFD under heavy foggy 
conditions was only slightly higher (ca. 5%) than 
under light foggy ones. The degree of reduction of 
PPFD might be various during a day. Under light 
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Fig. 5. Seasonal variations in foggy time and 
radiation at the YYL site. A: percentages of different 
degrees of fog. B: Average monthly solar radiation at 
the YYL site, compared with the stations at I-Lan, 
Fushan, and Yushan over 1994-2004. The error bar 
presented standard error. 



Fig. 6. Comparison of the diel changes in foggy time 
and degree of reduction of PPFD in July and 
December. A: mean foggy time, the data was derived 
from the accumulated fog occurrence based on the 
5-minute data interval from July and December in 
2000 and 2001. B: hourly average degree of 
reduction of PPFD. 


Table 2. The monthly solar radiation, PPFD and their degrees of reduction at the YYL site. The values were obtained from the average of 
daily recording data from January 1994 to December 2004. The values of solar radiation and PPFD were mean ± SD. 


Month 

Solar radiation 
(MJ m‘ 2 d ’) 

Rrad 

(%) 

PPFD 

(mol m‘ 2 d' 1 ) 

RpPFD 

(%) 

Jan 

4.6±1.2 

76.8 

12.1±2.5 

68.2 

Feb 

5.3±1.3 

77.8 

13.0±2.6 

71.6 

Mar 

7.6±1.9 

73.1 

18.5±4.3 

66.3 

Apr 

8.3±1.5 

74.2 

19.7±3.6 

68.6 

May 

7.7±1.5 

77.6 

18.0±3.1 

73.2 

Jun 

8.9±2.1 

74.7 

21.144.1 

69.4 

Jul 

9.5±2.2 

72.6 

21.1±4.6 

69.0 

Aug 

8.6±1.9 

73.8 

19.944.3 

69.2 

Sep 

7.7±1.8 

74.0 

17.643.7 

69.7 

Oct 

4.8±1.6 

81.1 

11.642.9 

76.4 

Nov 

3.9±1.5 

81.0 

10.142.9 

74.9 

Dec 

3.3±1.1 

82.6 

8.842.5 

75.6 

Average 

6.7±2.7 

76.6 

16.045.5 

71.0 


R ra d- degrees of reduction of solar radiation; Rppfd: degrees of reduction of PPFD. 






324 


TAIWANIA 


Vol. 51, No. 4 


A: daytime of July 


C: daytime of December 



WIND SPEED 
(m/s) 


■ 

>= 5.0 

■ 

4 . 0 - 5.0 

□ 

3 . 0 - 4.0 

□ 

2 . 0 - 3.0 

□ 

1 . 0 - 2.0 

■ 

0 . 2 - 1.0 


B: nighttime of July 


D: nighttime of December 



Fig. 7. Comparison of the distribution of wind speeds and 
wind directions in July with those in December at the 
YYL site. The data was based on the average wind 
speed/direction records of 5-miniute data interval from 
July and December in 2000 and 2001. A: daytime of July. 
B: nighttime of July. C: daytime of December. D: 
nighttime of December. 


foggy condition, less reduction was measured at 
time between 7:00 and 9:00 am. Under medium and 
heavy foggy conditions, the reduction of PPFD was 
about the same throughout the daytime (Fig. 9). 

DISCUSSION 

Seasonality of climate 

Under strong influence of East Asia monsoon, 
the climate at the YYL site displayed an obvious 
seasonality. In summer, on the leeward slope of 
Central Mountain Range where the YYL site is 
located, the southwest monsoon enhances the local 
convection (Lin and Chen, 2002). The moderate to 
heavy convective rain occurred in the afternoon at 
the YYL site implied the coincidence with the 
monsoon and local terrain interaction. From October 
to February, the winter monsoon cold surges 
affected the weather condition in Taiwan 
prominently and the rainfall gradually transforms to 
light, stable precipitation (Chen and Chen, 2003). 
The lasting light rain, fog occurrence, and the large 
reduction of radiation at the YYL site were 
considered as the phenomena of the northeast 
monsoon. 

The MCF at the YYL site differs from those in 
tropics in the absence of tropical plant species, such 
as plants of Moraceae and Euphorbiaceae. Instead, 
some temperate broadleaf species e.g. Illicium 


philippinense and Rhododendron formosanum were 
found at the YYL site (Liao et al., 2003). At the 
YYL site, winter temperature was usually below 
10°C while there was no obvious seasonal change in 
temperature at MCFs in tropics (Kitayama, 1995). 
Such a cold temperature stress might explain the 
lacking of tropical plant species at the YYL site. 

Perhumid climatic characteristics and fog 
occurrence pattern 

The cloud/fog occurrence in tropical montane 
cloud forest was mainly due to the trade wind 
inversion, congestion and ascent of air masses in 
mountain areas or the transitions between coastal 
fogs and orographic clouds (Stadtmuller, 1987). The 
humid monsoon in East Asia and the island location 
seem to result in more fog occurrence and foggy 
days at the YYL site, especially in winter when the 
YYL site is on the windward slope facing the 
monsoon blowing from the Pacific Ocean. Such 
perhumid climatic conditions favor the growth of 
some humid plants such as bryophytes and ferns. 

The fog occurring in the early morning in 
summer at the site (Fig. 6A) was not surveyed at 
another weather station only 2.5 km away from the 
YYL site (Yeh, 2004). The embedded lake 
watershed terrain might enhance the humidity and 
fog formation in summer morning. Consequently 
the site was more humid than the nearby areas. The 
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formation of fog in the summer afternoon and early 
evening might be mainly attributable to the local 
advection of the warm and moist eastward wind 
from Lan-yan valley in the daytime. Fog usually 
dissipates when the cool and drier mountain wind 
dominates at night (cf. Fig. 8C). The same patterns 
were reported in Klemm et al. (2006). The shift of 
wind direction to west at the nighttime (Fig. 7) 
could be the reason why the foggy time decreased 
after 21:00 in summer. Because the YYL site is 
located in a saddle area (Fig. 1), the wind direction 
could be more limited to west-east direction. The 
prevailing eastward wind in winter could be mainly 
resulted from northeastern monsoon in winter and 
the cause of lasting fog and light rain. 

Reduction of solar light 

In this study, the solar radiation transfer model 
(CLIRAD-SW) has been applied to study the 
reduction in solar radiation and PPFD due to cloud 
and fog occurrences. The application of the model 
can eliminate the variation of radiation transfer rate 
due to atmospheric composition varied in different 
seasons. Especially the atmospheric boundary layer 
was not uniform throughout the year in Taiwan 


(Kuan and Lin, 2005). The content of water vapors 
was the most important variable influencing the 
estimation of the potential radiation under cloudless 
days (Lin, 2005). For lack of mountainous 
radiosonde data in Taiwan, this variable was derived 
from the average records above 1650 m from the 
station in the Taipei Basin. The 20% estimate bias of 
potential PPFD to measured PPFD under cloudless 
days could be mainly caused by the underestimate 
of the content of water vapors at the YYL site. The 
relative humidity from the measurement was usually 
close to 100% indicating that the surface atmosphere 
at the YYL site should contain more water vapors 
than that estimated by model. Since the dry 
deposition was less and the wet deposition contained 
few components at the YYL site (Chang et al., 
2002), the influence of aerosols and molecules could 
be less. According to the hemispheric photograph 
taken above the quantum sensor at S3 weather 
station (Fig. 10), the direct solar light was mostly 
shaded when the solar altitude under 15°. 
Nevertheless, because the correlation between the 
measured PPFD values and the potential PPFD 
values was quite high, the model was still well 
applicable for the purpose. 


A: cloudless day 


B: foggy winter day 


C: summer day 



Fig. 8. Comparison of the diurnal changes in relative humidity, visibility, PPFD, air temperature, and precipitation between clear sunny day 
on 30 March, 2001 (A), foggy winter day on 7 Dec, 2001 (B), and summer day on 16 July, 2001 (C). 








326 


TAIWANIA 


Vol. 51, No. 4 


100 


80 

60 


40 

20 

0 


Fig. 9. The diurnal hourly degrees of reduction of PPFD under 
different weather conditions. The data were derived from the 
5-minute records from July 2000 to February 2002. The reduction 
of PPFD on cloudless days was derived from 5 days. The degrees 
of reduction of PPFD on light fog, medium fog and heavy fog 
conditions were computed from the average of the 5-minute data 
of all data from the visibility of 1000-500 m, 500-100 m, and 
lower than 100 m, respectively. 
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Fig. 10. Hemispheric photograph of the YYL site taken above the 
quantum sensor at S3 weather station during a completely cloudy 
day. The grey region indicated the shading by the surrounding 
vegetation and mountains. The two sun trajectories on summer 
and winter solstices were shown with the times of sunrise, 
transient of shade and non-shade, midday and sunset on them. 


PPFD is important for carbon assimilation of 
plants and is also an important limiting factor for the 
survival, growth, and competition of plant species in 
forest ecosystems. Our previous study showed that 
C. formosensis and C. obtusa var. formosana 
exhibited different acclimation ability to light 
intensity (Lai et al., 2005). The former was less 
shade-tolerant than the latter and the seedlings of C. 
formosensis could not tolerate shade environment. 
Thus, the frequency of fog or cloud occurrences is 
considered one of the important selecting factors for 
these two plants. It is possibly the reason why there 
is no C. formosensis plant in the YYL site. 
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